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HARMONIC ANALYSIS 


By J. J. NASSAU anp P. M. MORSE 
ABSTRACT 


Determination of solar motion—A method of obtaining the solar apex and velocity 
by graphical-harmonic analysis is here presented, which, it is claimed, excels Airy’s 
least-squares method in its simplicity, ease, and adaptability to available data. The 
theory of the analysis is discussed and its further possibilities in the study of stellar 
parallaxes and group motion are pointed out. 

To demonstrate the method, the radial motion of 476 stars was obtained from the 
publication of the Dominion Astrophysical Observatory, 2, No. 1, and their corresponding 
proper motion, from Boss’s Preliminary General Catalogue. From these, the solar apex 
was determined with the following results: 


a=272°, 6=33°7, V=24.8km/sec., mav=0.0092. 


To show the relative accuracy of the harmonic analysis and the least-squares 
analysis, the radial velocities of sixty stars, of declination about 60°, were used; by 
harmonic analysis the apex and velocity were found to be 


a= 266° , d=41°.5, V =20.5 km/sec. ; 
by least squares, 
2 » 
a=256°, 5=60° , V =17.3 km/sec. , 


the former being nearer to the values obtained from the most recent and extensive 
studies of the determination of the solar apex. 

Concerning the ether-drift experiment—Inasmuch as the foregoing method is the 
outcome of the investigation of the recent data on the ether-drift experiment (Science, 
April 30, 1926), a discussion of the latter is given. 


INTRODUCTION 


Nearly all of the recent determinations of the probable position 
of the apex and the speed of the solar motion have employed Airy’s 
least-squares method. 

It has been pointed out by a number of writers that if, in the 
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determination of the position of the solar apex, the stars to be used 
are grouped in small areas, the majority of the stars in one area 
play a small part in the result, since the presence of a few large 
proper motions virtually determines the mean proper motion of the 
area." 

The nature of the process of the least-squares solution does not 
enable the investigator to know readily and easily what effect a 
certain star or a group of stars will produce in the result. It might be 
added that the method involves considerable labor, which limits the 
extent of the investigation. 

In this paper we propose a method free from the objectionable 
features of Airy’s least-squares solution; it is amply accurate, con- 
sidering the precision of the data available, and is much less labori- 
ous; it provides a simple method for the study of the group motion 
of stars and of stellar parallaxes. 

THEORETICAL CONSIDERATIONS 

It is assumed here that the peculiar motions of stars are at 
random. 

Denote by a, and 6, the right ascension and declination of the 
solar motion, and by V its speed (in kilometers per second). Then 
the angular velocity of the solar motion, V” (seconds of arc per 
year), will be equal to Vz,/4.74, when 7, is the average parallax of the 
stars used in the determination. Also denote the proper motion in 
right ascension and declination of a star whose right ascension is a 
and declination 6 by wu. and ws (measured in seconds of arc per year), 
its radial velocity by p (kilometers per second) and its parallax by 
a (seconds of arc). 

Assuming the directions of p, ua, and ws through the star as the 
axes of a system of reference, we have from trigonometry: 


—p=V cos 6, cos 6 cos (a,—a)+ V sin 6, sin 6, (1) 
—pa cos 6=V” cos 6, sin (ag—a) , (2) 
—ps=—V” cos 6, sin 6 cos (ag—a)+V” sin 6,cosd. (3) 


Let 6, the declination of the star, be constant; that is, consider 
the motions of a band of stars of the same declination but having 


t A. S. Eddington, Stellar Movements and the Structure of the Universe, p. 80. 
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any value of right ascension, a. Then, since V, V”’, 6, 6., and aa 
are constants, it is seen that yu, cos 6, us, and p are simple harmonic 
functions of a. 

If values of p are plotted against a, that is, if the radial velocity 
of each star is plotted as ordinate and its right ascension as abscissa, 
then an approximate sine curve will be formed of the type p= P,+ 
A, sin (a+@,), where P, is the “average ordinate” or the displace- 
ment of the axis of the curve from the zero line, A, is the amplitude 
of the curve, and ¢, its phase. These three quantities are repre- 
sented by: 


P,=—V sin 6,sin 6, (4) 
A,=V cos 6,cos 6, (5) 
p= 270 —aa. (6) 


Similarly, if the curves for u. cos 6 and yw; are drawn, their average 
ordinates, amplitudes, and phases are: 


P,,=0, (7) 
Ay, =V" cos da , (8) 
bu,= — Aa (9) 
P,,=—V” sin 6, cos 6, (10) 
A,,=V” cos 64 sin 6 , (11) 
du; =90 — Aa ; (12) 


If, instead of 6, a is made constant; that is, if, instead of using a 
declination band of stars, a meridian band is used, then from equa- 
tions (1) and (3) it can be seen that p and yw, are simple harmonic 
functions of 6. If curves are plotted, the average ordinates, ampli- 
tudes, and phases are, in this case: 


Pl=o, (13) 
Al=VV sin? 6.+cos? 5, cos? (a—aza) , (14) 
¢, = tan [cot 6. cos (a—a,)| , (15) 
Pi,,=0 (16) 
Aj,,=V"V sin? 6a+ cos? 6, cos? (a—aa) , (17) 


¢),,=tan~[tan 6, sec (a—a,)] . (18) 
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The corresponding meridian band from equation (2) will be a 
straight line displaced from the axis by: 


Pi,=V" cos 64 sin (a—ag) . (19) 


METHOD OF ANALYSIS 


In the actual analysis three curves are drawn with right ascen- 
sion as abscissa and with p, wa cos 6, and ys, respectively, as ordi- 
nates. The stars are grouped in declination bands 10° wide. Corre- 
sponding curves for meridian bands one hour wide are drawn. In 
practice the scale used was 400 mm for twenty-four hours of right 
ascension, 2 mm for 1 km per second radial velocity, 2 mm for 
o”0015 proper motion in right ascension, and 1.5 mm for o‘oor 
proper motion in declination. 

The average ordinate can be found by obtaining the area in 
square millimeters, with a planimeter, between the curve and the 
zero line, from zero to twenty-four hours, and dividing the area 
by 400 mm, the length of the base. 

The phase and amplitude are obtained by means of the Henrici 
harmonic analyzer,’ which is a device for finding the coefficients of 
the Fourier series: 


y=A, sin (6+¢,)+A, sin (26+¢.)+4A; sin (30+¢,)+ ..... 


It is necessary to use only the integrators for the first component, 
since the theoretical curve is a simple sine curve.’ 


ADVANTAGES OF METHOD 

It is possible to plot and analyze the three curves (equations 
(x], [2], and [3]) for a declination band of one hundred stars in one 
afternoon. The proper and radial motions are at all times visible on 
the curves, and discrepancies can be noted and errors corrected 
quickly and easily. If a separate determination for a group of stars 
is desired, this can readily be accomplished by joining the points 
corresponding to these stars by straight lines and analyzing the 

*Q. Henrici, “On a New Harmonic Analysis,’ Philosophical Magazine, Vol. 38, 
1894. 


2D. C. Miller, “The Henrici Harmonic Analyzer,” Journal of the Franklin Insti- 
tute, September, 1916. 
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Fic. 1.—Declination band, 25°-35°. The smooth sine curves have the phase, 
amplitude, and average ordinate obtained by harmonic analysis of the irregular data 


curves. 
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resulting curve, a matter of a few minutes’ time. Also, if it is de- 
sired to note the effect of omitting any star in the determination, it 
is evident that it can easily be accomplished. 

Large discrepancies, which are always present in the data avail- 
able and which greatly affect the final result when the least-squares 
solution is employed, have very little effect when the harmonic 
analyzer is used, especially when the stars are close together in right 
ascension. 

If a correction in the form of an additive constant, or of a sine or 
cosine function of a, is to be applied to the data, as is the case with 
stars from Boss’s Catalogue, such a correction can be applied to the 
results of the analyzed curve, without the need of correcting each 
individual proper motion or radial velocity. 

Some irregularities in the weights of individual observations are 
likely to occur if the spacing in right ascension is irregular, but a 
judicious averaging of points can be made which will obviate this 
to some extent. 


OTHER APPLICATIONS OF THE METHOD 


The determination of the solar apex is but one of the results 
which can be obtained from these curves by this method of analysis. 
Other applications are here suggested. 

Draw over each data curve the sine curve representing the de- 
termined solar motion for that band. The vertical distance between 
this sine curve and the points representing the motion of an indi- 
vidual star denote by A,, A,_, and A,,; A, indicating radial motion, 


A, and A,, indicating proper motion in right ascension and declina- 
a 0 


tion, respectively, and being considered plus when above the sine 
curve and minus when below. Thus we are able to get a set of three 
curves for each declination band from which a general idea of group 
motion can easily be obtained. Stars comparatively near together, 
whose A, are nearly equal and of the same sign, and whose A, and 
A, are of the same sign, may be considered as traveling in a group. 

If the parallax of one star in a group is known, then the ratio 
between the A, of this star and the A, of another star of unknown 
parallax in the same group will be equal to the ratio of their paral- 
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laxes. This is, of course, possible only when observational errors are 
small. 

If the uw. cos 6 and wu; curves are analyzed, the solar velocity will be 
found in seconds of arc, as V’’. In order to reduce this to kilometers 
per second, the average parallax of the stars must be known. To 
obtain this, advantage is taken of the properties of the p and ys 
curves of any meridian band. The amplitudes of each, from equa- 
tions (14) and (17), are in the ratio of V: V”’ 

The curves, in their simplicity of form and ease of analysis, 
show many further possibilities which cannot be developed here, 
but which will no doubt be of considerable help in the study of 
stellar motions. 


SOLAR MOTION DERIVED FROM 470 STARS 


Material used.—The material consists of those stars in the 
Publications of the Dominion Astrophysical Observatory’ whose radial 
velocities do not exceed 50 km/sec. after being corrected for the 
solar motion, and whose proper motions do not exceed 075 per year; 
in all, 476 stars were used. The proper motions of the stars were 
obtained from Boss’s Preliminary General Catalogue and were cor- 
rected as described on page xxviii of this Catalogue. Further correc- 
tions were applied to the proper motions in declination as recently 
proposed by Raymond.’ 

Method of computation.—The stars were arranged in declination 
bands lying between o° and 5°, 5° and 15°, 15° and 25°, 25° and 35°, 
35° and 45°, 45° and 55°, and 55° and 65°, giving seven bands whose 
average declinations were 23°, 10°, 20°, 30°, 40°, 50°, and 60°. 

As the accuracy of the right ascension determined by this method 
depends on the amplitude of the curve, the amplitude of the curve 
was used as weight for each individual determination. 

Since the radial velocities contain a constant error A, which 
would displace the curve vertically, and which, therefore, would 
appear as a constant error in the P,’s, the results of the p curves 
were solved to obtain A,, and the values were then corrected. 

« “The Radial Velocities of 594 Stars,”’ op. cit., 2, No. 1 


2H. Raymond, ‘“‘The Correction to the Declination System of Boss’s Preliminary 
General Catalogue,” Astronomical Journal, 36, 17-18, 1925. 
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In order properly to weight the determination of 6,, equations 
of the following form were used: 
SP, 
> sin 6 
>A, 


V cos 6.=3— e 
= COS 0 


V sin d= 


? 


TABLE I 


DATA: DECLINATION BANDS 
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Results.—Using the material and the method of harmonic analy- 
sis as described, the results for the apex and velocity of the solar 


motion are as follows: 
From radial motions alone: 
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From proper motions alone: 


OF 
Ag=273 00 , 


4 ° 
5a= 35°40 , 
V""=070473 . 
: From radial motions and proper motions combined: 
‘ 
q Qq=272°00’ , 
i ° 
j ba=33 40’ , 
q V =24.8 km/sec. , 
j 
3 Tay = 00092 . 
e 
L Two sets of meridian curves were drawn, one for o° and 180°, 
; and the other for go° and 270°. Each band was 15° wide. The analy- 
i sis gave A,/Aj,=V/V"’=580, that is, te =0%0082. 


To show the relative accuracy of the harmonic analysis and the 
least-squares analysis, the p curve for the 60° declination band, 
consisting of sixty stars, was used, giving by the method of harmonic 
, analysis: 


A,= 266° , ba=41°5 , V=20.5 km/sec. ; 
a 
4 while the least-squares method applied to the same set of stars gives: 
t Q@,=256° , 5,.=60 , V=17.3 km/sec. 


The most recent and extensive determination of the solar apex, 
made by Dr. Ralph E. Wilson,’ gives: 


Q,=270°8 , 6,.=27°1, V =19.0 km/sec. , 


RETR A eon 


from which it is seen that the treatment of a group of observations 
by harmonic analysis gives a result nearer to the values obtained 
from this study, the most complete which has been made. 
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' The Solar Motion Problem,”’ ibid. 





J.J. NASSAU AND P. M. MORSE 






SOME THEORETICAL CONSIDERATIONS OF THE SOLAR 
MOTION AS DETERMINED BY 
ETHER-DRIFT 







The foregoing investigation is the outcome of the theoretical 
consideration of the Michelson and Morley ether-drift experiment, 
as it has been undertaken recently by Professor Dayton C. Miller.' 
The formulae used in the determination of the solar motion relative 
to the ether, from observations made by the interferometer, can be 







derived as follows: 4 

The interferometer measures the projection of the apparent rela- | 
tive motion of the earth and of the ether, giving the azimuth A and 
magnitude v of this projection as functions of the sidereal time. If a 7 
and 6 represent the right ascension and declination of the relative 
motion of the earth and the ether, and V its velocity, we have the 




























familiar equations: 
cos z=sin 6 sin ¢+cos 6 cos ¢ cost, (20) 


sin z cos A=+sin 6 cos ¢—cos 6 sin ¢ cos/, (21) 


sin z sin A=cos §sint, (22) 
v=V sinz, (23) 
t=0—a, (24) 


where @¢ is the latitude of the observatory, z is the zenith distance of 
the apex, and @ is the sidereal time of the observation. 

As the observed azimuth and magnitude of the drift are quite 
independent of each other, each gives a separate determination of the 





apex. 

Solar apex derived from magnitude of ether-drift——lf V and its 
direction are assumed to be constant throughout a short period of 
time (about ten days), and ¢ and 6 are positive, equations (20) and 
(23) show that v is a minimum when ‘=o. Therefore we may write: 


a=6 when v is minimum, iE 
Zmin.= | @—6 When vis minimum , (25) 
Umin.=V sin | o—6 |. 3 


t “Significance of the Ether-Drift Experiment of 1925 at Mount Wilson,” Science, 
April 30, 1926. 










SO sagan hag FP, 


ee en 



























SOLAR MOTION BY HARMONIC ANALYSIS 83 


If 5<00°—¢, the maximum value of v occurs when s=9g0°, and 


therefore 
Umar, — V (26) 
so that 
Umin. _ sin od —s 6 
Umaz. 
or 
os ° —_ v t t. 
6=¢+sin ( mt ; (27) 
Umaz. 


If 5>g90°—@, a rough value of 6 may be obtained from equation 
(27), or the maximum value of v occurs when s = 180° — (¢+84), from 
which we obtain: 

Umin. sin o—6 


ne onpenligtiiniied 28 
Umaz. sin (o+6) (28) 


From the foregoing we observe that if v is plotted against sidereal 
time, equations (23), (25), (26), (27), and (28) will determine the 
direction and velocity of the solar system relative to the ether. 

The theoretical curve for v is 


v= V sin [cos (sin 6 sin ¢+cos 6 cos ¢ cos #)] . (29) 


Applying equations (25) and (28) to the observed magnitude of 
ether-drift (average for April, August, and September, 1925, and 
February, 1926) as observed by Professor Miller, the direction of the 
apex was found to be: 


Solar apex derived from azimuth of ether-drift—The azimuth A is 
measured from the north point, plus toward the east and minus 
toward the west. Since the interferometer observations cannot 
distinguish between azimuths 180° apart, we shall consider A numer- 
ically less than go”. 
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CASE I, 6=¢ 

It is clear that when ¢=o, v is minimum and A =o’. As ¢ in- 
creases, A becomes negative, and when ¢ becomes equal to twelve 
hours, A becomes zero again. For greater values of /, the azimuth 
becomes positive. Hence when the azimuth passes from east to west ¢ 
becomes equal to o, or =a, which corresponds to the place where the 
curve of azimuth against time crosses the time-axis, when the 
azimuth passes from a maximum to a minimum. 

Dividing equation (21) by equation (22) we obtain 


A=cot™ [—sin @ cot ¢+tan 6 cos ¢ csc ¢} . 


The maximum value of A is such that 


sin Amar=cos 6secd. 


This gives the required value of 6. 

The average observed azimuth for the four epochs (April, 
August, and September, 1925, and February, 1926) has for an X- 
axis (time-axis) a line 62° below the X-axis of equation (30). 

It was found necessary, therefore, to shift the axis of the observed 
azimuth 62° (Science, April 30, 1926, p. 10). 

With this modification and from the foregoing discussion, the 
direction of the apex becomes: 


mare’ — 


The curves for magnitude and azimuth (equations [29] and [30]), 
while they are not simple sine curves, may be considered as har- 


monic for not more than three components of the Fourier series. 
These components were found, and the curves were synthesized." 
Thus a, 6, and V were computed. 
CASE Ul, 6<@ 
Here again, when =o, A =o°. As ¢ increases, A receives the fol- 
lowing successive values: 


° ° ° ° ° 
eee ££. eee, See | | | eee 


Hence when A =o0°, a=8 or a=6+12". 


1D. C. Miller, ““A 32-Element Harmonic Synthesizer,’ Journal of the Franklin 
Institute (January, 1916), pp. 51-81. 
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The value of ¢ when A=go° being known, equation (30), will 
give 6. 

It is also possible to compute the north-south and east-west 
components of the magnitude, and thus obtain two sets of curves 
which correspond respectively to the u. and ys curves (equations 
[2] and [3]) of the first section of this paper. Their analysis can be 
made in much the same manner as that of the proper-motion curves. 


The writers are under obligation to Professor Dayton C. Miller 
for his kindness in making available the apparatus for the harmonic 
analysis and his inspiration and help in carrying on the work. 


CASE SCHOOL OF APPLIED SCIENCE 
July 1926 





THE ELECTRIC-FURNACE SPECTRA OF YTTRIUM, 
ZIRCONIUM, AND LANTHANUM? 
By ARTHUR S. KING anp EDNA CARTER 
ABSTRACT 


Furnace spectra of yttrium, \ 2808-\ 7882; sirconium, \ 2792-d 8305; lanthanum, 
 2790-\ 8347.—Temperature stages from 2000° to 2800° C. were employed to observe 
the initial appearance of lines and their rate of increase in intensity, supplemented by 
low-temperature absorption spectra in the ultra-violet. A direct comparison with arc 
and spark spectra showed the changes undergone in these sources and served to select 
the enhanced lines. The numbers of lines classified are 451 of yttrium, 858 of zirconium, 
and 695 of lanthanum. Many enhanced lines of yttrium and lanthanum, and some of 
those of zirconium, are emitted by the furnace, their intensities in furnace and arc 
indicating the relative energy-levels of the ionized atom. For zirconium a temperature 
of about 2400° was required before any considerable number of lines appeared, and for 
this element a large proportion of lines emitted by the arc are enhanced lines. In the 
lanthanum spectrum, note is made of the large number of close doublets, and some 
triplets, all of which have been previously listed as single lines; also of the large pro- 
portion of lines relatively stronger in the furnace than in the arc. 


From an examination of the furnace, arc, and spark spectra of 
yttrium, zirconium, and lanthanum in the interval \ 2800 to \ 8400, 
data have been obtained for a classification of their lines according 
to the temperature required for initial appearance and the rate of 
change of line-intensity as the temperature is increased. Not only 
the lines of the neutral atom, but also, to a considerable extent, those 
of the ionized atom were treated in this way. The enhanced lines 
have been selected by a direct comparison of arc and spark spectro- 
grams. For yttrium and lanthanum especially, sufficient ionization 
is present at the higher furnace temperatures to produce the more 
sensitive enhanced lines. The degree in which these are radiated by 
the furnace and by the stronger ionization of the arc should aid in 


placing the relative energy-levels of ionized lines just as the tem- 


perature classification of other elements has served to indicate 
energy-levels for the neutral atom. 
EXPERIMENTAL METHOD 
Furnace.—The vacuum furnace previously described? was used, 
the material being vaporized in graphite tubes of the usual dimen- 
t Contributions from the Mount Wilson Observatory, No. 326. 


2 Mt. Wilson Contr., No. 247; Astrophysical Journal, 56, 318, 1922. 
86 
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sions: 12.5 mm bore, 19 mm outside diameter, and 200 mm between 
the supporting clamps. 

S pectrograph.—From \ 2800 to X 5000, the second order of the 
15-foot concave-grating spectrograph was employed, the scale of the 
plates being 1.86 A per millimeter. Beyond X 5000, the first order of 
the grating was used. 

Tem peratures.—It was found that for yttrium and lanthanum, a 
temperature of 1g00° C. was required to produce a fair number of 
lines, and at this temperature the spectrum was faint. About 2000° 
was therefore regularly used for the low-temperature stage, while 


Le) 


200°-2300° and 2600°—2800° served for the medium and high tem- 

peratures, respectively. Zirconium is more difficult to vaporize, and 

because of the high temperatures required, only two stages were used 
2400° for the low and 2700” for the high temperature. 

Emission and absorption s pectra.—As in the case of spectra previ- 
ously studied, it was found that low-temperature lines in the ultra- 
violet appear at shorter wave-lengths in absorption than in emission, 
on account of the rapid weakening of the furnace emission in this 
region. To obtain an absorption spectrum,.white light from a tung- 
sten lamp provided with a quartz window was passed through the 
furnace tube while this was heated at the low-temperature stage. 
The lines which the low-temperature vapor absorbs were thus found, 
and were used up to the wave-length at which emission spectrograms 
for the same temperature begin to show lines. By means of the over- 
lapping region, the intensities of the absorption lines were har- 
monized as well as possible with the emission lines; the emission 
lines alone were used as the estimation was carried toward longer 
waves. 

Chemicals.—Salts of yttrium and lanthanum often contain im- 
purities, especially rare earths, which give many foreign lines, with 
resulting disturbance by blends. An extensive set of early yttrium 
spectrograms was rejected on this account. We were assisted in ob- 
taining better yttrium by Dr. W. F. Meggers, who furnished some 
very pure oxalate prepared by Mr. J. F. T. Berliner, of the Bureau 
of Chemistry, Department of Agriculture. We are indebted also to 
Professor B.S. Hopkins, who gave us lanthanum oxide, purified with 
great care in the chemical laboratory of the University of Illinois. 
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TABLE I 


TEMPERATURE CLASSIFICATION OF YTTRIUM LINES 
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TABLE I—Continued 

















r ARC 
(1.A.) INT. 
3747 -57- 20 
3774-37- 200 
3770.57. 40 
3788.73. 100 
POO 20 
3832.04 30 
3847 .87 15 
3878 .33. 20 
3887 .75. 5 
3904.58. 5 
3918.25..... 4 
3930.60 10 
3950 .37 150 
os ree 8 
SO5S .8O....- 5 
3982 .64.. 100 
3987 .40 4 
4029.84 | 3 
4039.84 | 60 
4047 .06 80 
4077 .390.. 300 
4080 .go 5 
4081.22. 9 
4083.72. 100 
4102 .42.....] 350 
a ” 5 
4124.05 20 
4128.35..... 300 
4142.88.. 200 
4157 .64.. 6 
4167 .57.. 100 
4174.18. 100 
4177.58.. 125 
4199.20 8 
4204.72.... 2 
4213.02.. 6 
4213.54. 5 
4217 .82 10 
4220.62 30 
4224.27.. 4 
4229.20 2 
4232.50 I 
4235-73. 40 
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| | } 

FURNACE | | FURNACE 

INTENSITIES | INTENSITIES 

r ARC | | CLAss r | | | CLASS 

I.A.) INT. (1.A.) oa | | 

-. | Me- | , | ws: Me- i 

High . Low | | | High | 3: Low | 

Temp | dium Temp.| | Temp.} dium Temp. | 
‘| Temp | Temp. 

—— —— | —_ ‘eae me —< mane — \——_—_——_ — ee Ge EE me 
6191.72. 100 ? | 400 | 400 400 I Al} 6815.15 5s | 2 a8 | | IV 
6222.57..... 50?] 250 250 250 I Al} 6832.47 “. | | VE 
6338.15.... z. 4 6 | 10 | Ss I || 6845.23. 10 | 2 I | Ill 
6402.02.... 50 | 200 200 150 | I Aj} 6858.22. es ae | | VE 
6435.03 ....| 500 | 500 | 500 500 (| I || 6887.21. 8 | r | | | IV 
6437 .37..... 5 1? | | IV? || 6895.90. ‘Se eer shscsces VE 
6462.58 8 _ I Ill 6908 . 27. es . 7] | Ill 
6493.77 4 . ‘ k V 6033-53 | ot os 5 ITA 
SS: Se 10 3 —? | Ill 6950.31. 8 | e F a IV 
6557.36..... 30 | 200 | 200 150 | I Al} 6951.66... e hee ; VE 
6576 86 .... S| 3 I | Ill 6958 .o1*. 4 | 100 125 100 =| IA 
6584.88..... ci ae 30 20 | IIAl| 6079.86... 8 | —? | sre ee 4, 
6613.74.... a | V E}| 7008.95... 5 va | V 
G606.828 ..<+< 2 1? IV ? 7009 .95.. “~~ 2 V 
6636.48.... 2 1? IV ? || 7035.10... 4 ca } |} IV 
6650.60.... 8 2 IV 7052.97 10 4 | 2 | Ill 
6664 .38.... 3 | 1? IV ? 7054.32 4 — V 
6687.58.....] 80 | 100 100 100 I 7127.93 os 2?] 1? | TIL? 
6691 .85.... a | \ 7IQI .63 10 | 3 | I II! 
6604.75..... . 7 V 7264.19 8 | = IVE 
6099.20..... 3 } I I\ 7340.44 10 | 4 | 2 Ill 
6700.71.... 20 5 2 III || 7450.20f.. . | 2 | 1? TTI? )E 
67%3.20.... 6 | 2 I III || 7563.06. 5 ERAS ; , ¥ 
6735.00 7 | 2 I III || 7719.80 2 ; Saale : 2 
6793.60.... 80 | 100 100 100 I 7724.01 . | I ta IV ; 
6795.40.....] 15 a ee V E|| 7881.87 10 i ee, ee i VE 
2 I \ | 

| 

NOTES—YTTRIUM 

3018.93 Blend Fe in arc. 

3056.33 Blend V. Probable intensity of V-line subtracted. 

3172.85 May be impurity. 

3461.02 Blend Dy in furnace. 

3471.77 Furnace line may be Er. 

4484.45 May be impurity. 

4594.00 Furnace line may be partly impurity. 

5135.22 Blend with impurity line. 

5521.65 Blend enhanced line. 

5544.60 Blend enhanced line. 

6958.01 Probably impurity, not La. 


The limited quantity of these preparations permitted their use, as a 
rule, only in the arc. For the furnace, which required frequent re- 
charging of the tube during long runs, fairly pure yttrium nitrate and 
lanthanum chloride were obtained from Eimer and Amend; and, by 
using only lines which were given by the purer arc material, it is 
hoped that foreign lines have been largely eliminated. For the zirco- 
nium spectrograms, the metal in pulverized or flake form proved 
satisfactory. 


EXPLANATION OF THE TABLES 


Tables I, II, and IV present the intensities in arc and furnace 


and the resulting classification for lines of yttrium, zirconium, and 
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TABLE II—Continued 
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aan én 3° 2 2 Ill 4060 .o8T 2 | ? IV? 
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. eee 4n tr I\ : 5 | . iit 
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z cree kee ee ee Q 20 ? y 
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3986 .80 eo \ || 42 34. 5 25. 10 II 
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TABLE II—Continued 
NOTES—ZIRCONIUM 


2827.55 Double. Blend with enhanced line. 

3063.59 Enhanced line on red side. 

3092. “ ae 

cons. In wing of A/ line in arc. 

3250. Blend enhanced line. 

3414.66 Blend enhanced line. 

3471. Blend enhanced line. 

3879.05 Unusual type. Possibly impurity. 

3084. Blend enhanced line. 

4030. Blend Mn. 

4035. Enhanced line on violet side. 

4068. Blend with enhanced line A 4068 .63. 

4241.20 Strong line shows here at low temperature, probably due to blend with low-temperature 
line of unknown origin. 

4395.20 Blend V in furnace. 

4404.93 May be impurity. 

4083.42 Faint if present in furnace. 

4751.91 May be band head in furnace. 


Nun O~I™ O 
Cow ouumn 


lanthanum, respectively. Very faint lines which appear only in the 
arc are usually not included, unless they have about the same inten- 
sity as neighboring lines which appear also in the furnace, so that a 
comparison may be useful on this account. Enhanced lines are listed 
when they are of fair intensity in the arc, since many of the enhanced 
lines of yttrium and lanthanum appear in the furnace, and those 
which are absent are of interest as requiring a higher excitation than 
that of the furnace. The case is different with zirconium, where a 
large proportion of the arc spectrum consists of enhanced lines, very 
few of which appear in the furnace. To avoid unnecessary length in 
the furnace tables, these zirconium enhanced lines, with their arc 
intensities, are listed in Table III. Those which by reason of their 
presence in the furnace spectrum are classified in Table II are indi- 
cated by ‘‘f” after the wave-length. Lines not so indicated may be 
considered as belonging in class VE. 

Wave-lengths.—The international system is used throughout. 
Wave-lengths shorter than \ 5500 for yttrium are taken largely from 
Exner and Haschek,' changed to I.A. Use was also made of the 
tables of Yntema and Hopkins,’ and of Eder.’ Zirconium wave- 
lengths for the same region are chiefly reduced from Vahle,* and 
those of lanthanum from Wolff.s Wave-lengths greater than \ 5500 


t Spektren der Elemente bei normalem Druck, Leipzig, 1911. 

2 Journal of the Optica! Society of America, 6, 121, 1922. 

3 Sitsungsberichte der Akademie der Wissenschaften in Wien, Ila, 125, 471, 1916. 
4 Zeitschrift fiir wissenschaftliche Photographie, 18, 84, 1918. 


5 Ibid., 3, 395, 1905. 
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ZIRCONIUM ENHANCED LINES 
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TABLE I1I—Continued 








| | | 
| | 


r | Are r Arc. | " | Are. r Arc. 
Int Int. | | Int. | j Int 
4c18 .35 | r 4208.97. 20 4317.32 3 4404-42 «....] 2 
6083.90... 2 4211.90.... 10 4333.20 I 1495.48.. } I 
4024.42.... . Hh 4e6s.es... | 2 4337 .64 I 4490.96..... 15 
4029 .66 I5 4230.17 I 4339.5 I 4SS3 GO. .wecst I 
4034.00 2 4231.63 2 4342.24 I 4874.48......| I 
4040.25 2 || 4236.55.. 3 «|| 4345-55 I 4613.08... 2 
4045 .03.. Io (| 4258.00.. feo) 4359.74 8 4029.07... I 
4048.65... Is 4264.89 I 4370.97 6 46061 .81 I 
4050.30 I 4206.74 5 4379.74 8 4685.22 I 
4071.10 2 4273.53 2 4403 .33 3 4703.07 I 
4085.68... 5 || 4277.36 I 4414.53 5 5112.27.. 5 
4090.54 = 5 4286.51 I 4440.43 5 5191 .58.... | 15 
400906 .62 ‘ 2 | 4203.15 I 4442.50 I S323 .76.. | I 
4349.20 ....| 50 4296.76 I 4443 .00 12 5350.07 6 
ie re 8 4301 .84 I 4454.50 8 5350.34 6 
4156.24 15 4308.95. I 4457.41 10 
4101.24 15 4312.24 I 4401.20 5 | 





are those of Kiess,‘ who kindly furnished an advance list of zirconium 
wave-lengths to supplement those published for yttrium and lantha- 
num. , 

Intensities and classes —The intensity estimates are in accord- 
ance with the procedure followed in previous papers, a line distinctly 
outlined in the negative being given intensity ‘“‘1.”’ The large range 
of line-intensities found in these spectra requires high values for 
many of the stronger lines, and it is doubtful if high enough values 
have been assigned to some of the strongest. The relative strength 
of the ionized lines with respect to those of the neutral atom is con- 
trolled by arc conditions which vary for different exposures, so that 
a fair degree of consistency among the line-intensities for each set 
is all that can be attained. 

Classes.—In the final column, the usual method of classification 
is followed. Lines in classes I and II appear at low temperature. 
Those of class I show a slower change from low to high temperature 
than those of class II, and as a rule are less conspicuous in the arc. 
Lines of class III are usually well developed at medium temperature, 
while lines clearly associated with high temperatures are placed in 
classes IV and V, those of class V being absent or very faint in the 
furnace spectrum. 

For zirconium the initial temperature required for the appear- 
ance of lines in the furnace is so high that only two stages could be 


t Scientific Papers of the Bureau of Standards, 17, 317 (No. 421), 1921. 
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TABLE IV 


TEMPERATURE CLASSIFICATION OF LANTHANUM LINES 
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TABLE IV—Continued 
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3193 


3453 - 
3517. 


3574 
3041 
3805 
3910 
4143 
4238 


4613. 


4668 
4671 
4699 


4793. 
4794. 
4817. 


4946 


4952. 
4900. 


49909 
5002 
5078 


5080. 
5090. 


5173 
5183 


5188. 
5204. 
5220. 


5302 
5340 


NOTES—LANTHANUM 


80 Low-temperature spectrum fades out, and class may be too high 
.66 Strongest spark line in this region. 
.oo Doublet. Not fully resolved. 

16 Probably triple. 

11 Very strong spark line. Cf. \ 3171 .66. 
41 Reversed at high temperature. Obscured by cyanogen band 
.53 Enhanced line on red side. 

.65 Blend Fe. 

80 Furnace line may be impurity. 

.95 May be impurity. 

.61 Measured by writers. 

40 Faint if present in furnace 

.92 Probably triple. 

.83 Triple, violet member just resolved 
.62 Probably triple. 

27 Probably triple. 

57 Widens to violet in spark. 

15 Probably triple. 

.42 Blend impurity line. 

on Much enhanced 

.46 Triple. 

-10 Much enhanced 

.94 Furnace line may be impurity. 

20) 





55 Much enhanced. 
5157.44 fuch enhanced 


5172. 


90} 

.85 Blend 7i in furnace. 
.41 Triple. 

20) 

I 
I 
63 

.69 Much enhanced. Probably coincides with arc line. 


: Much enhanced. 
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TABLE IV—Continued 

5377 -00) 

5381 .90;Much enhanced. 

5566.04) 

5808.29 Blend with line to violet. 

6173.74 Measured by writers. 

6262.30 Not fully resolved. 

6273.78 Furnace line may be impurity. 

6448.15 Not fully resolved. 

6830.82 Measured by writers. 

6952.50 May be triple. 

7282.32 Triple. Red component strongest. 

7483.45 Triple. 

7664.33 Blend potassium I‘ne in arc. 
obtained whose difference was large enough to be significant. In 
order to retain a consistent classification, the lack of a medium tem- 
perature was allowed for as far as possible. This resulted in placing 
in class III those lines which are strong at high temperature but 
much weaker at low temperature, while lines which retain consider- 
able strength at low temperature are assigned to class II or class I. 

Symbols.—The significance of the symbols and abbreviations 
found in the tables is as follows: * refers to a note at the end of the 
table; ¢ indicates disturbance by a band spectrum, usually that of 
carbon, which causes some of the intensities to be questioned; “d,”’ 
after the wave-length, indicates an unresolved doublet; “tr,” a line 
R,”’ partial or complete 
self-reversal; ‘‘n,”’ ““N,’’ degrees of diffuseness in arc lines; ‘‘A,”’ after 
the class number, a line relatively stronger in the furnace than in 
the arc; ““E,” after the class number, an enhanced line. 


“ee 


showing as trace, less than intensity 1; “‘r,”’ 


DISCUSSION 


A summary of the types of the 2005 lines classified in this paper 
is given in Table V. Multiplets corresponding to low energy-levels 
will normally be found in the low-temperature groups, but may 
include a few lines which are placed in higher temperature classes 
on account of faintness, which prevents their appearing on low-tem- 
perature spectrograms of ordinary exposure, or which are uncertain 
on account of blends. The lines which appear with considerable 
strength at low temperature include from 15 to 30 per cent of the 
neutral-atom lines listed for these elements. 

A large proportion of the lines which appear in the arc spectra of 
these three elements are enhanced lines, those having sufficient 
strength to be listed in the tables numbering 85, 342, and 230 for 
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yttrium, zirconium, and lanthanum, respectively. Of these, more 
than half appear in the furnace for yttrium and lanthanum, but 
only a small proportion (all of wave-length shorter than 3450) in 
the case of zirconium. The lists are by no means complete for the 
enhanced lines, as many additional ones are given by a strong spark. 
We have, however, segregated the enhanced lines by this means into 
two groups requiring different stages of excitation, which correspond 
in some degree with the low- and high-temperature lines of the 
neutral atom. Enhanced lines which appear in the furnace, especial- 
ly those distinct at medium temperature, may be expected to arise 
from low energy-levels of the ionized atom, while those requiring 
the arc excitation should belong to higher levels. A third group of 


TABLE V 


DISTRIBUTION OF ARC AND ENHANCED LINES ACCORDING TO Low AND 
HicuH ExcitraTION 














j Zr L 
Low-temperature lines (classes I and II)... 69 | 142 145 
High-temperature arc lines (in some cases uncertain 
through faintness)... ea | 305 | 375 20 
Enhanced lines appearing in furnace ay 22 128 . 
Enhanced lines in arc but not in furnace..... 38 «=6 | = 320 102 








still more refractory enhanced lines, possibly in some cases belonging 
to the second ionization, would contain those lines which are absent 
from the arc but appear in a highly condensed spark. For both 
yttrium and lanthanum, many strong enhanced lines in the short 
wave-length region persist in the furnace at 2100°C. 

The very frequent occurrence of doublets, among both arc and 
enhanced lines, is a notable feature of the lanthanum spectrum. 
Those thus designated in Table IV number 127, or 18 per cent of the 
lanthanum lines listed, and the actual number is probably greater, 
as the first-order dispersion used beyond \ 5000 was not always suffi- 
cient to show the doublet character. The wave-length tables avail- 
able give these lines as single. The separation of the components is 
probably always less than 0.08 A, as in only a few cases were they 
resolved enough in the vacuum furnace to give a rough estimate of 
the separate intensities. Some of these imperfectly resolved lines are 
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clearly triple and are so noted in the remarks at the end of Table IV; 
it is probable that other triplets occur among the lines marked as 
double. 

Lines relatively stronger in the furnace than in the arc, indicated 
by ‘‘A”’ after the class number, are in about the usual proportion in 
the yttrium list, while the high temperatures required for zirconium 
make the spectrum difficult for the furnace and only one line is thus 
designated. For lanthanum the proportion is unusually large, 127 
such lines being found. While the number of these lines is regulated 
by the average strength of lines in the arc spectrograms selected for 
comparison with those of the furnace, it is significant in the case of 
lanthanum, because a large proportion of lines strong in the arc 
are enhanced lines, while the furnace is highly effective in giving the 
lines of the neutral atom. 


Mount WILSON OBSERVATORY AND VASSAR COLLEGE 
September 1926 








THE ABSOLUTE MAGNITUDES OF 
GIANT M STARS! 
By GUSTAF STROMBERG 
ABSTRACT 


Derivation of absolute magnitudes from spectroscopic criteria —The article gives the 
method and the formulae used in deriving the reduction curves which are the basis of 
the absolute magnitudes of giant M stars published by Adams, Joy, and Humason in 
Mt. Wilson Contr., No. 319. Provisional curves for each spectral subdivision were formed 
for each line listed in Contr. No. 319 and adjusted to give an accordant system of magni- 
tudes M,. Systematic corrections, S, to this provisional system then gave the adopted 
system M,+S. The absolute magnitudes were derived entirely from the peculiar mo- 
tions; parallactic motions have not been used because of the large dispersion in velocity. 
Results from trigonometric parallaxes are also given, but the parallaxes are very small 
and not numerous enough to give the same accuracy that can be obtained from the 
peculiar motions. 

Probable errors and residual systematic corrections—Figure 1 shows the relation be- 
tween the computed absclute magnitudes and the provisional magnitudes. The deviations 
from the line represent the residual systematic corrections, S’ (Table I), to the adopted 
magnitudes. In general these are below 0.1 mag. S; and S} are similar corrections for 
use in deriving mean parallaxes and mean tangential motions. The probable errors of 
individual determinations of an absolute magnitude for the supergiants and the ordinary 
giants are +0.63 and +0.45 mag., respectively. These were derived from the dispersion 
in M, which was obtained from a simple formula, equation (10), which is not influenced 
by the systematic corrections. This formula is also applicable in cases where no spec 
troscopic absolute magnitudes are available, in which czse r’ is a reduced r-component. 


In Mount Wilson Contribution, No. 319,2 Adams, Joy, and 
Humason have published the absolute magnitudes, as determined 
from spectroscopic criteria, of practically all the M stars brighter 


than apparent magnitude 6.0 and north of declination —30°. All 


of these stars, at least as far as the spectroscopic criteria indicate, 
are giants. The reduction curves used for the different spectral lines 
were derived by the writer. The following account gives data re- 
garding the systematic and accidental errors affecting the results. 

The general method used by Adams was to select lines which 
apparently varied with absolute magnitude. As an indication of the 
general order of absolute magnitude, the reduced proper motion 
H=m-+5 log u was used. The existence of a correlation between 
line-intensity and H was accepted as an indication that a line could 

* Contributions from the Mount Wilson Observatory, No. 327. 

? Astrophysical Journal, 64, 225, 1926. 
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be used for determining the absolute magnitude. The lines finally 

used are given in the paper cited. 

For each line groups of stars were formed having a small range 
in line-intensity and spectral subdivision. An approximate mean 
absolute magnitude was then computed from the peculiar motions 
by methods explained later on. The resulting reduction curves for 
the different lines were slightly adjusted with the aid of the correla- 
tion data for individual lines, so that all the lines would give, as 
nearly as possible, the same absolute magnitude. The absolute 
magnitudes derived from the adjusted curves are denoted by M,. 
Corrections to this system were then computed with the aid of addi- 
tional data which had been obtained in the meantime. The results 
of this last computation are given below, together with the deriva- 
tion of the formulae for computing the mean absolute magnitudes 
and their dispersion. 

The following notation is used: 

M =the true absolute magnitude of a star; M,=the provisional absolute magni- 
tude derived from spectroscopic criteria; S=the systematic correction to a 
mean M, to reduce it toa mean M; A=the difference between M and M,+S 
for an individual star; m=the apparent visual magnitude from the Henry 
Draper Catalogue; w= the true parallax; 7; =the spectroscopic parallax de- 
rived from the difference M, —M; r= a peculiar angular cross-motion, 
either perpendicular to the great circle toward the assumed solar apex 
(7-component), or a proper-motion component along any axis after the 
parallactic motion projected on this axis, calculated with 7, as an approx- 
imate value of the parallax, has been subtracted; 7’=an angular peculiar 
motion divided by the parallax 7, for the same star; Tm and T’m =the average 
values of 7 and 7’ taken without regard to sign; 9=average peculiar radial 
velocity in km/sec., without regard to sign; €=the peculiar linear cross- 
motion projected on the same axis as T; k= 4.738 km X year/sec., numerical- 
ly equal to the mean distance of earth to sun in kilometers divided by the 
number of seconds in a vear. 

We have then 

M=M,+S+A, (1) 
T=0.1X 10°2(M—™) = 7,46 , (2) 
where 
1,= 0.1 X 10°-2(Ms—m) @) 
( k 


c= 10°25 : 6= 10° 24 ) 





kr=7e=7,06e. 
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The errors A are supposed to be distributed according to a normal 
error function around a zero value, and the dispersion is defined by 
the equation 

g=A’. 
We have 
M=M,+S , 


where a bar above a symbol denotes an algebraic mean. 
Further, 


r +0 _’ 
6= 10°74= 10°4¢ 2¢dA=A. 


V 2rgJ—x 


The following relation between A and gq is then found: 
g?=50 Mod log A=21.71 log A. 
The approximate formula 


0.02q? 


A= IT Mod 


was given in Contribution No. 199, page 6,’ and can be used for q 
less than about +1.0, but the general formula (6) is equally simple. 

Before forming means of the equations (4), we must consider the 
correlations between 6 and the other quantities present. The errors 
A arise from several causes. First, there are errors in the measure- 
ments of the line intensities; further, the true line intensity may 
vary, the true absolute magnitude remaining constant; and, finally, 
the true absolute magnitude may vary while the spectral criteria used 
remain unaffected. We may thus expect correlations between A and 
M, and between A and M, the former being particularly marked if 
the true absolute magnitude varies less than that spectroscopically 
determined, and the latter, if the reverse is the case. In equation 
(4) we may thus expect a correlation between 6 and 7,, and also 
between 6 and 7z, and, consequently, between 6 and r. The correla- 
tion between absolute magnitude and velocity would produce a 
correlation between 6 and e¢, but, since the change in mean peculiar 
radial velocity for the different groups is in this case practically 
zero, we need not consider the last correlation. 


t Astrophysical Journal, 53, 18, 1921. 
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Forming the mean for equations (4), disregarding their signs, 
we find 
ktm=7T0=7,6 06 . 
We thus obtain 
= 
r= yam o=017: . (7) 
We cannot here separate 7, from 6. 
Dividing equation (4) by 7, and forming similar means, we find 


ob0=kri, . 
Since, by (5), 6 is denoted by A, we may write 


ktm ‘oO 
oA = =02 ° (8) 

6 

To determine o and A separately, we must have recourse to 
moments of second order. First, we derive from a relation analo- 


gous to (5), 
4 


§?= 10° 44= A4=6§. (9) 


Dividing equations (4). by 7,, and forming the means of the squares, 
we find 


k?r?=0° Ate . 
From this and equation (8) we obtain 


72 6 


"Fg 
Tm € 


A? (10) 
Here for €? we may use the mean-square peculiar radial velocity. 
When the proper motions themselves are small, the values of 7,, 

and 7, in equations (7) and (8) are systematically affected by the 
errors in the measurements. To correct them, I have used the 
formulae 

Corr. 7 Corr. Tn wr 

a. er * Ta. 
where 7 is the average error, assumed to be +0‘003, in a component 
of the proper motion. 
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To increase the accuracy, the proper motions have been cor- 
rected for the systematic errors in right ascension as given in Boss’s 
Catalogue, page xxviii. To the proper motions in declination, Ray- 
mond’s corrections’ were applied. Further, use was made not only 


of the r-components, but also of the components of proper motion in 
right ascension and declination, corrected for parallactic motion 
with the aid of 7, as an approximate value of the parallax. The 
formulae used are 


Ta = pw, — Bir, ; T5= M.— Br, 
kB,=X, Sin a— Yo COS a 


kB,=x, cos a sin 6+, sin a sin 6—2z, cos 6, 


where %, Yo, and.z, are the equatorial components of the sun’s 
motion. This motion has been assumed throughout to have the 
co-ordinates a= 270°, 6=+30°, v=20 km/sec. Although the solar 
motion as derived from the radial velocities of the M stars has a 
value of about 23 km/sec., this difference has no appreciable effect 
upon the mean peculiar motions. In the computation of A’, only 
the actual r-components were used. As long as S and @ are small, 
there is no systematic difference between the results from the r- 
components and from 7, and 75. 

The quantity A and the corresponding dispersion can be com- 
puted from equation (10) only for fairly large groups. If the disper- 
sion thus found is assumed to hold also for the smaller groups, in- 
dividual determination of o can be made for these groups. 

The three quantities o, ¢,, and a, represent the factors by which 
the provisional spectroscopic parallaxes 7, must be multiplied in 
using them to obtain the most probable absolute magnitudes, the 
mean parallaxes, and the mean linear tangential motions. The 
corresponding corrections to M, are S, S,, and S,, defined by the 
equations 

S=5 loge, S:=5 logo: , S,=5 loga.. 

The data computed by these formulae are collected in Table I. 

The third and the last row may be regarded as representative for 


t Astronomical Journal, 36, 129, 1926. 
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the supergiants and the ordinary giants, respectively, although no 
sharp dividing limit can be given. The quantity r is the probable 
error in the spectroscopic absolute magnitude for a single star, and 
is simply the dispersion g converted into probable error. An impor- 
tant feature is the small variation in 6, which is derived from the 
radial velocities for the same stars whose proper motions are used. 

Figure 1 shows the relationship between M, and the computed 
mean absolute magnitude M, which is equal to M,+S. The line 

M 


+) 


























-3 i 
—§ -| ° +l M, 
Fic. 1.—Correlation between absolute magnitudes M,, derived from line inten- 
sities by using a provisional system of reduction curves, and the absolute magnitudes 
M derived from peculiar motions. 


drawn was used in deriving the systematic corrections to the system, 
and the residuals are denoted by S’, Sj, and S}. These quantities 
may be regarded as the residual systematic corrections to the 
absolute magnitudes, as published by Adams, Joy, and Humason, 
which are to be applied according as it is desired to find absolute 
magnitudes, mean parallaxes, or mean tangential motions. They 
are all smaller than their mean errors and can well be neglected. 
Appreciably different reduction curves have been used for the 
different spectral subdivisions. In Contribution No. 199, on the other 
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hand, the same reduction curves were used for all spectral subdi- 
visions. Although the line intensities vary considerably, the new 
reduction curves make the ordinary giants of all spectral subdivisions 
of nearly the same visual absolute magnitude. The small dispersion 
in absolute magnitude for these stars is quite remarkable. This 
cannot be due to a failure of the spectral criteria, for, as seen by the 
diagram, the variation of M with respect to M, is practically linear 
throughout the entire range of absolute magnitude. If we compute 
the dispersion in absolute magnitude among the supergiants and 
ordinary giants separately by assuming the absolute magnitude to 
be constant, we find by formula (10), (where 7’ now is equal to 
r10°™"), g=1.17 and 0.70 mag., respectively, corresponding to 
the probable errors of +0.79 and +0.47 mag. This means that the 
dispersion in the ordinary giants is so small that, if we could separate 
them from the supergiants, which have a much larger dispersion, 
we should attain nearly the same accuracy by giving them all the 
same absolute magnitude. 

Part of the error in the absolute magnitude arises from error in 
the measurement of the line-intensities. If we estimate the prob- 
able error from this source to be +0.2, a somewhat larger amount 
must be due to a lack of correspondence between the spectral 
criteria and the absolute magnitudes. 

The most important question, however, concerns the reliability 
of the systematic corrections. To determine the corrections, paral- 
lactic motions have also been used, but the results are very uncer- 
tain, mainly because of the large dispersion in velocity. The solar 
motion as computed from a small number of radial velocities has 
little weight, and, similarly, the group motion for a small number of 
objects may differ greatly from that derived from very large groups. 
Further, the underlying assumption is quite different from that 
used in dealing with peculiar motions. The assumption usually 
made is that the linear group motion is known and that the sum of 
the squares of the peculiar angular motions is a minimum. When 
the dispersion in linear motion is large, the result must be very un- 


certain, and may even be systematically affected. Systematic errors 
in the proper motions are also very serious, since the motions them- 
selves are very small. Further, in using peculiar motions, all stars 
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have the same weight, which is not at all the case when the paral- 
lactic motions are employed. 

In the present case, we find that the absolute magnitudes com- 
puted from parallactic motion, with a solar motion of 23 km/sec., 
would be brighter by 1.02 for the supergiants and 0.49 for the ordi- 
nary giants. A similar discrepancy was found for the long-period 
variables.’ 

The adopted value of the average error in the proper-motion 
components, which was supposed to be +0%003, may be too small. 
If we assume an error of +0008, the effect on the magnitudes of 
the two classes of stars would be to make them 0.12 and 0.05 mag. 
brighter, respectively, than the published values. The uncertainty 
from this cause is therefore not serious. 

The trigonometric parallaxes are very small and not numerous 
enough to determine the mean absolute magnitude with the same 
accuracy as can be derived from the peculiar motions. Using the 
parallaxes compiled by Schlesinger, we find the systematic correction 
to the provisional system to be +0.24 mag., which is in good agree- 
ment with the results from peculiar motion. For an assumed 
probable error of +0%007 in the trigonometric parallaxes, the corre- 
sponding probable error in the absolute magnitudes is +0.3. A 
larger probable error in the trigonometric parallaxes would make 
the probable error in the absolute magnitudes even smaller. But 
all results from the trigonometric parallaxes are rather uncertain, 
and it seems better to reverse the process and determine the errors 
in the trigonometric parallaxes from the spectroscopic values. 

Although the cause of the systematic difference between the 
results based upon peculiar and parallactic motion is still obscure, 
there can be little doubt about the small dispersion in the visual 
absolute magnitudes. Moreover, a systematic correction as large 
as 0.5 mag. cannot be applied to the absolute magnitudes without 


producing a serious discrepancy between the dispersion in tangential 


and radial velocities, which is of special importance when the paral- 
laxes are used for computing space velocities. 


Mount WILSON OBSERVATORY 
December 1926 


* Mt. Wilson Contr., No. 267; Astrophysical Journal, 59, 97, 1924. 





NOTE ON THE PHYSICAL THEORY OF METEORS 
By F. A. LINDEMANN 
ABSTRACT 


Criticisms advanced by Dr. Sparrow against a theory of meteors proposed by tha 
writer and Dr. Dobson in 1922 are dealt with. The main point of divergence between 
the two theories lies in considering the mechanism of the heating of the meteor. Direct 
impacts of the air molecules upon the surface of the meteor are supposed by Dr. Spar- 
row, whereas the shielding of the meteor by the cap of gas is considered by the writer 
and Dr. Dobson. The latter consideration forces the conclusion that the temperature 
of the highest regions of the earth’s atmosphere is higher than that of the stratosphere. 

Dr. Sparrow’s theory leads to impossibly large dimensions of meteors. Also the 
data obtained by means of ballons sondes agree closely with the calculations by the 
present writer. The densities of the air at the same height derived from the height of 
appearance and disappearance of the meteor are in good agreement, a fact which defi- 
nitely rules out Dr. Sparrow’s fundamental assumption of the direct molecular impacts. 

General physical considerations such as the process of dissociation of the air and 
meteoric molecules, reabsorption of the radiated energy by the meteor, etc., are not 
consistent with Dr. Sparrow’s theory. His objection against application of the idea of 
adiabatic compression to the case of meteors and criticism of numerical calculations 
from this theory are not convincing. 

In the issue of the Astrophysical Journal for March, 1926, Pro- 
fessor Sparrow published an article entitled ““The Physical Theory 
of Meteors.”’ Since in this paper he criticizes somewhat adversely 
various parts of the theory published by the writer and Dr. Dobson 
in the Proceedings of the Royal Society in 1922, it is probably de- 
sirable to reply. This is the more easy as his theory is the most ele- 
mentary and obvious one that could be constructed, and one which 
we had considered in the first instance and had been obliged to 
reject. The reason for this Professor Sparrow would probably have 
discovered for himself had he read our paper earlier and realized 
that his theory had already been tried and found wanting. Un- 
fortunately, it appears “that the details of his theory had been fully 
worked out before he was able to obtain access to our paper.”’ 

Briefly the two theories may be summarized as follows. Dr. 
Sparrow believes, as we do, that a meteor appears when the surface 
of a particle entering the air at high speed is sufficiently heated to 
produce copious evaporation. The main point of difference is that 
Dr. Sparrow believes this heating to take place by the direct impacts 
of the molecules in the upper atmosphere upon the meteor, whereas 
we, on the other hand, suggest that heating is inappreciable until a 
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cap of gas forms in front of the meteor and that the heat is trans- 
mitted only comparatively inefficiently through this cap of gas on 
to the surface. The different results to which the two theories lead 
is caused by the fact that according to Dr. Sparrow’s view a large 
fraction of the total energy is imparted to the meteor and becomes 
available for evaporation, whereas in our opinion, owing to the 
shielding of the cap of gas, a comparatively small fraction only of 
the available energy actually reaches the surface of the meteor and 
gives rise to evaporation. Thus Dr. Sparrow can make shift with a 
comparatively small number of molecules, i.e., a low density of the 
upper air, whereas we are obliged to conclude that the number of 
molecules is very much greater—in other words, that the density of 
the upper air is very much higher than that assumed by Dr. Sparrow. 
Since such high density can be obtained only if the temperature is 
comparatively high, we are therefore forced to conclude that the 
temperature in the uppermost regions of the earth’s atmosphere is 
considerably higher than it is.in the stratosphere. 

There are two lines upon which one can approach such a prob- 
lem. The first is to consider which theory is better supported from 
the point of view of meteoric phenomena. The second is to examine 
which theory is more likely to be true on general physical grounds. 

If we consider the general phenomena associated with meteors 
it may readily be shown that Dr. Sparrow’s theory can be ruled out. 
The contradiction is perhaps most easily seen if one examines the 
consequences to which it leads in the case of an average meteor, e.g., 
one traversing a path of 60 km in 1.5 seconds and appearing at a 
distance of 150 km as bright as a first-magnitude star. It may be 
shown by the most elementary methods, since it is agreed that the 
light is caused by the deceleration of evaporated meteoric matter, 
that in this case the rate of evaporation must be of the order of 4 mg 
per second. Now according to Dr. Sparrow’s view, in spite of this 
comparatively rapid rate of evaporation in front of the meteor, the 
surface has still to be subjected to direct molecular impacts on the 
part of the gases composing the upper air. If this is to be so it is 
clear that the surface of the meteor must be very large, for unless 
the 4 mg a second which are produced by the meteor are spread 
over a very large volume, no molecule from the outer air will be 
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able to penetrate to the surface of the meteor without collision. A 
rough estimate shows that the meteor would have to have a radius 
of the order of 5 or 10 cm., i.e., a mass of the order of 1 kg. It is 
clear that such assumption is absurd, for since it is not appreciably 
decelerated and is only evaporating at a rate of 4 mg a second, such 
a meteor could not disappear after 1.5 second, but must inevitably 
reach the ground. 

Our method of calculation may be checked in a very simple 
manner. At low heights the temperature of the air has been de- 
termined with ballons sondes and the density therefore is known ex- 
actly. On the other hand, some meteors have been observed at these 
heights and have been used to calculate the density by means of 
our formula. The density of the air determined by our calculations 
coincides closely with the directly observed densities, so that there 
seems no reasonable doubt that the general line of attack is correct. 

There might still be a doubt whether the preliminary heating 
before the meteor begins to evaporate takes place by direct impact as 
suggested by Dr. Sparrow, or whether it becomes appreciable only 
after the formation of the cap of gas, as we have assumed. Here, 
fortunately, a simple check is available. If Dr. Sparrow were right, 
heating should be highly efficient in the early stages where direct 
impacts obviously occur; hence the densities of the air calculated by 
our formulae from the heights of appearance should be very much 
less than the density of the air calculated for the same height from 
the heights of disappearance, since we have neglected the heating in 
the stage of direct impact. A glance at the figure in our papers shows 
that the densities calculated from the heights of appearance agree 
closely with the densities calculated from the heights of disappear- 
ance of the meteor. As has been shown above, there can be no rea- 
sonable doubt that the density calculated from the heights of dis- 
appearance are correct, and therefore we must assume that the 
method of calculating the densities from the heights of appearance 
which results in complete agreement must also be right. It follows 
that we cannot accept Dr. Sparrow’s view that any appreciable heat- 
ing of the meteor takes place by direct impact even in the early 
stages before evaporation has commenced. 

This reason, apart from any others, compelled us definitely to 
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abandon any theory of the nature of that now put forward by Dr. 
Sparrow. There are, of course, numerous other difficulties which 
would arise if this theory were correct. For instance, according to 
his theory all meteors of equal velocity appear at the same height 
but should disappear at different heights, whereas there seems to 
be a definite correlation between the heights of appearance and dis- 
appearance caused, in our view, by the fact that a large meteor 
takes longer to heat up than a small meteor, and therefore appears 
lower down and also disappears lower down. It is not, however, in 
view of the fundamental and conclusive objection to Dr. Sparrow’s 
theory outlined above, necessary to go into these matters. 

It may, nevertheless, be interesting to revert to the general 
physical grounds which led us to believe that only a small fraction of 
the energy produced by direct molecular impact would be trans- 
ferred to the meteor. Dr. Sparrow admits that a large fraction will 
go in energy of dissociation of the atmospheric molecules, as also 
that the energy of atomic ionization will not be available for heating 
the meteor. On the other hand, he claims that the energy of dis- 
sociation of the meteoric molecule or of the disruption of its constitu- 
ent parts should go entirely toward heating the meteor. Frankly, 
this seems difficult to understand, for surely this energy is used up 


precisely in dissociating meteoric molecules and not in heating the 
meteor. One cannot heat ice by placing it in a high vacuum and 
causing it to evaporate, nor can one heat a meteor by causing the 


meteoric molecules to evaporate or dissociate. 

Dr. Sparrow then claims that of the energy radiated at the sur- 
face of the meteor approximately half is reabsorbed by the meteor. 
We will not go into the question of the reflection coefficient, but 
surely most of the heat is reabsorbed in the immediate neighborhood 
of the spot where the molecular impact took place and will be re- 
emitted, and this process will continue until the rate of emission is 
of the same order as the rate of heat conduction, i.e., until compara- 
tively low temperatures, or, in other words, until all the energy has 
been dissipated. 

Finally, Dr. Sparrow objects that we have taken the velocity of 
elastic waves as the upper limit for the speed with which energy is 
transferred. The amount transferred by radiation would be almost 
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negligible in a substance so opaque as a meteor. The velocity of 
transference by free electrons, which Dr. Sparrow remarks is com- 
parable to the rapidity of metallic conduction, is, it would seem, 
completely unknown. Unless he can throw some much-needed light 
upon this difficult subject he can scarcely expect us to accept his 
criticism. 

There is one other point to which Dr. Sparrow seems to attach 
importance since he mentions it in his abstract, and that is that he 
believes it to be wrong to take the temperature of adiabatic com- 
pression as the temperature reached by the gas compressed in front 
of a meteor. His arguments on this subject appear quite unconvinc- 
ing. He seems to forget that the relative speed between the surface 
and the gas cannot exceed the velocity of the molecules, once the 
gas is sufficiently dense for the free path of the molecules to be small 
compared to the linear dimensions of the surface. If it did, all the 
molecules would be compressed against the surface and we should 
have no gas. 

What really happens is that a cap is formed in front of the sur- 
face in which the relative speed diminishes by something of the 
order of the molecular velocity for each free path, so that the outer 
layers of the cap are moving comparatively slowly relative to the 
gas through which the particle is passing, whereas the inner layers 
are moving comparatively slowly compared to the surface of the 
particle itself. In these circumstances the ordinary laws of adiabatic 
compression will not be far wrong. The temperature at any one 
point is defined by the relative molecular velocity, not by the ve- 
locity relative either to the air or to the particle, and consequently 
the temperature is nothing like as high as believed by Dr. Sparrow. 

The last criticism of Dr. Sparrow to which it may be worth while 
to revert is the one in which he claims that our figures are inconsist- 
ent in that the temperature which we said was of the order of 300° 
leads to an increase of density by a factor of only about 100 instead 
of the order of 1,000. If Dr. Sparrow looks at the figures once more 
and has due regard to the spreading of the points and to the uncer- 
tainty of the data on which they are based, he will realize that we 
should not venture to give any figures so exact as he imagines. All 
we were concerned to show was that the density was very much 
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higher than was generally assumed, and to indicate that this led, in 
our view, to a temperature considerably higher than that which had 
generally been expected. 

Dr. Sparrow appears to think that there is some special assump- 
tion involved in saying that the temperature is of the order of 300°, 
whereas there is no assumption involved in saying that it is about 
220°. This is a point upon which it seems difficult to compromise. 
Because the temperature between 10 and 25 km has been observed 
to be 220°, this is no reason whatsoever for assuming that the 
temperature at 100 km is 220°. There is just as big an assumption 
in saying that the temperature remains constant as there is in saying 
that the temperature rises, and when, as has been shown, a consider- 
able amount of heat is absorbed by the ozone in the upper air, 
whereas practically none is absorbed in the lower regions, it seems 
that the suggestion that the temperature rises has some plausi- 
bility; whereas the hypothesis that the temperature remains con- 
stant has nothing to recommend it beyond the fact that it saves 
trouble in computation. 

It would seem that this point has scarcely been sufficiently real- 
ized. If it had, Dr. Sparrow could not have claimed that the ad- 
vantage of his theory is that it requires no extensive modification 
of our current notions.’ 

While it may be admitted that some of these physical points 
are doubtful, the fatal and final objection to Dr. Sparrow’s theory 
seems to remain beyond argument. If his theory were applicable 
down to low heights, then the densities calculated at 20 and 30 km 
at which immediate observation is possible would be completely 
wrong. If, on the other hand, his theory applies, as it obviously can 
apply, only to the early stages before evaporation has set in, then 
the densities calculated from the heights of appearance and disap- 
pearance could not coincide. In our view we have a similar mechan- 
ism heating the meteor throughout. Whether one accepts or denies 


our derivation, the efficiency factor in heating the meteor may be 
taken directly from the known densities of the air at low heights. If 
one takes this same efficiency factor and applies it throughout the 


‘Incidentally this agreement is attained only by assuming an improbably high 
value for the concentration of H, in the atmosphere. 
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range, one obtains the densities we have found from the heights of 
disappearance of the meteor and these coincide with the densities 
calculated from the heights of appearance of the meteor. 

Any new theory which endeavors to supersede ours must take 
these facts into account; above all, it must avoid inherent contra- 
dictions such as the theory of Dr. Sparrow involves, and which led 
us to abandon his hypothesis in the very early stages of our consider- 
ation of the subject. 


CLARENDON LABORATORY, OXFORD 
November 27, 1926 








THE SHORT-PERIOD VARIABLE STAR 
RV CANUM VENATICORUM! 
By J. SCHILT 
ABSTRACT 

Light-curve-—From ninety-one plates the light-curve of RV Canum Venaticorum 
is found to be of the type of W Ursae Majoris, with a period of 0.269572 day. This 
makes it highly probable that the star is a dwarf eclipsing binary, instead of a variable 
of the cluster type, as stated by Graff. 

Spectrum and range in light—The spectrum is F8; the photographic range is 0.75 
mag. and apparently does not exceed the visual range. 

The variability of this star, which is 25’ from the center of the 
globular cluster M3, was first detected by J. Larink,? who found a 
period of 0.134786 day. A photometric visual light-curve has been 
published by K. Graff,’ who calls attention to many irregularities. 
The reality of these irregularities seems doubtful. I have combined 
Graff’s observations into groups of three. The dispersion of the devi- 
ations of such normal points from a symmetrical smooth curve is 
+0.062+0.019 mag. (mean error). Graff gives a mean error of 
+0.06 mag. for his individual observations, which, if the latter are 
independent, amounts to +0.036 mag. for the normal points. The 
difference between the observed dispersion and the value given is 
0.026+0.019 mag. Whether this is accidental or a consequence of 
some systematic error in Graff’s observations cannot be settled. 
It will be seen, however, that the present observations do not cor- 
roborate the alleged irregularities. 

To determine the photographic light-curve, ninety-six plates, 
each with eight minutes’ exposure, were taken, mainly during four 
nights, with the 60-inch reflecting telescope. The plates used are 
Eastman 40, size 4 by 5 inches, so that the center of the globular 
cluster M3 is just on the following edge of the plates. Ninety-one 
of these plates have been measured with the thermopile micro- 
photometer. The magnitudes of the comparison stars were derived 

* Contributions from the Mount Wilson Observatory, No. 330. 

2 Astronomische Nachrichten, 214, 71, 1921. 

3 [bid., 217, 310, 1923. 
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from the comparison plates SS 145, 146, and 147, which have the 
following exposures and zenith distances: 


Plate First Exposure Second Exposure 

3 ae Selected Area 57, 15° RV Can. Ven., 12° 
oS eee RV Can. Ven., 13 Selected Area 57, 8 
SA Selected Area 57, 5 RV Can. Ven. 4 


Because of the small zenith distances, no correction for differ- 
ential extinction is required. The magnitudes, on the international 
scale, of the stars of the Selected Area were kindly supplied by 
Mr. Seares, and the resulting magnitudes of the comparison stars, 
together with their rectangular co-ordinates, are entered in Table I. 

TABLE I 


VARIABLE AND COMPARISON STARS 


| | 

















Pc. Mac 
STAR X Y 

| Provis Adopted 
RV Can. Ven... .| 3” | 9, SRA ee Re ee 
ee ee ee ek | +358 | +35 | 15.74 15.78 
Pe Petes eae 320 41 | 15.33 15.38 
¢ +274 | 30.0Cd| 14.72 14.59 
_ eee ee — 279 sy 16.20 16.16 
Swe caveats —417 | +8 | 14.62 14.71 








The provisional values were derived directly from the three compari- 
son plates, whereas the adopted magnitudes are the smoothed values 
found by using measurements from all the plates. The comparison 
stars c and e happen to be the same as Graff’s stars f (vis. mag., 
13.41) and a (vis. mag., 13.66), respectively. 

The observational data are entered in Table II. The observa- 
tions have been combined into groups of four in order of phase. The 
normal points thus obtained are given in Table III, and are shown 
graphically in Figure 1. The computed minimum is at phase 0.185 P. 
The mean magnitude at maximum from the eighteen observations 
between phases 0.685+0.100P is 14.897+0.014 mag. (mean error); 
from the eleven observations between the narrower limits 0.685+ 
0.050 it is 14.883-+0.017 mag. (mean error). The adopted maximum 
light is 14.88 mag. The magnitude at minimum is estimated to be 
15.63+0.04 mag., from which the photographic range is 0.75+0.04 
mag. 
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TABLE II 


THE OBSERVATIONS 








| 


J.D. Hel. .D. Hel 


G.M.T | Epoch and | Plate Jd M.T. Epoch and | 
Be y Phase 


Phase 
2424000+ 2424000+ 





ISS 128. .| 620.9386 | 415.571P 
129. .| -9455 | .622 
| 130..| .9524| .673 
| 131..] -9593 | 724 
132..| .9766 | .853 
138. .| 621.7003 
139. .| - 7072 
I40.. .7142 
Ear... . 790% 
142..| .7280 | ; 
143. .| - 7349 -47° 
144. .| 7418 -530 | 
145 . 7883 875 
140.. -7953 -927 
47... .8243 -142 
149.. . 8804 .558 
150.. .8874 .610 
.. a . 8943 .661 
Eee... .QOI2 | ota 
aa. .i .go82 . 764 
154. .| -QI5I | . 816 
mes... -9220 . 867 
156.. .9289 | .918 
157..| 9358 | .969 
158. .| .9428 | .O21 
159. .| -9497 .072 
171..| 642.6838 | 576.902 
.6908 | -954 
109. .| -7793 -6077 | 577.005 
I10.. . 7862 . 7040 | .056 
est... - 7932 . ; es ~71I5 . 108 
333... . 8001 54: : ra ; -159 
si . 8070 a : sel ~725. . 210 
II4..| .8140 | ‘ : bs . 7323 | .262 
S2e...1 . 8209 .697 : - a a3 
116.. .8278 ‘ ‘ = , . 364 
ery... . 8347 | 8 : 4 7e -415 
118.. . 8416 .85 95 52... ‘ .467 
119g. .| . 8486 . QO: : iS... . 7669 .518 
120..| .8555 .Q! 5. 84.. .7738 ey, 
533.. . 8971 5. 26: 5.28 M..: . 7807 621 
723... -9O40 | a .95 os <7e77 | .673 
124. .| .QIIo “a <. - - 7940 | 724 
125..| .9179 :) ae 38... 8113 .848 
126.. .9248 . 46! ..| 642.8535 | 578.161 
127..| .9317 


* Taken through the glass. 
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The observations by Graff have been plotted as crosses in Figure 
1, each cross representing the mean of three successive observa- 
tions. In order to make the ordinates correspond to the photographic 
light-curve, a constant, +1.35 mag., has been applied to Graff’s 
visual observations. The magnitudes at maximum, 13.48+0.03 mag., 
and at minimum, 14.29+0.05 mag., give a visual range on 


















































Mag. 
14.8 Ff > - r — 
| 
e Ss ec ec 
I5.9o _— —+@- —---— + 
_@| | | 
12 i ae Ss ee Re 
+ | | e | 
} | 
15.2 — “is 
_ | + 
* 
| | | 
15.4 \e 
i+ e 
| @ 
15.6 1 | > 4 
| 
0.8 0.0 0.2 0.4 0.6 Phase 


Fic. 1.—Observations of RV Canum Venaticorum in groups of four (dots) 
plotted according to phase as calculated from Larink’s period (half-period). Crosses 
represent means of three consecutive observations by Graff, reduced to the zero 
point of the Mount Wilson measures. 


Graff’s scale of 0.81++0.06 mag. The difference between the photo- 
graphic and visual amplitudes is thus —o.06+0.075 mag., from 
which we may conclude that, on the basis of the adopted scales, 
the photographic amplitude does not exceed the visual range. 

It is evident from the measures that the light-curve is of the 
type of W Ursae Majoris, and this conclusion is not contradicted by 
Graff’s observations. 

The spectrum obtained with a slitless spectrograph at the 60- 
inch reflector is F8. The lines seem to be diffuse, though there is 
some uncertainty on account of the low dispersion used. 
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The data so far obtained indicate that RV Canum Venaticorum 
is a very faint representative of the W Ursae Majoris class of stars, 
and presumably a dwarf. As it is an eclipsing binary, Larink’s period 


TABLE III 


NORMAL POINTS 








Mag. Phase 





sia 7s " Saeore 
15.28 oe 
15.41 

15.50 

15.60* 

15.44 

15.34 

15.10 

15.12 

15.00 

14.90 

15.00 





* Mean of three observations. 


TABLE IV 


NORMAL POINTS FOR REVOLUTION PERIOD 








Mag. | Phase 





15.61 
15.40 
ey | 
14.97 
14.98 
14.90 
14.88 
14.88 
14.95 
15.02 
15.11 
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* Mean of three observations. 


must be doubled. New normal points for the complete period of 
revolution are entered in Table IV, where the phase is now counted 
from the primary minimum.’ The light-curve for the double period, 

* It is suspected that the comparison star e may be variable. The magnitudes were 
therefore determined a second time without using star e. The average difference, with- 
out regard to sign, between the two sets of values is 0.02 mag. The results of the first 
reduction have been retained. 
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shown in Figure 2, has slightly different minima and an asymmetry 
which, even if real, need cause no surprise, since it is quite compa- 
rable with asymmetries found in other stars of this class. 

The heliocentric time of principal minimum derived from the 
present observations is J.D. (Greenwich Mean Time) 2424642.5863, 


Mag. 
14.8 
























































es | : | 8 
| | mo 


0.0 0.2 0.4 0.6 0.8 1.0 Phase 





Fic. 2—Normal points for RV Canum Venaticorum corresponding to complete 
period of revolution. ; 


while that of the minimum observed by Graff is 2422811.5540. Since 
the period is known only with an accuracy of one second," the in- 
terval between the two epochs is, unfortunately, too large to de- 
termine the number of intervening revolutions. The revised ele- 
ments are: 


Min. (J.D. Hel. G.M.T.) = 2424642. 5863 +0. 269572E 
+ .0020+0.000023 (m.e.) 


Maximum light........ 14.88+0.02 mag. (m.e.) 
Primary minimum... ...15.65+0.10 
Secondary minimum... .15.48+0.10 


where the period is Larink’s value doubled. 


Mount WILSON OBSERVATORY 
August 1926 


' J. Larink, Joc. cit. 
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Elements of Astronomy. By EDWARD A. FAtH. New York: McGraw- 
Hill Book Co., 1926. 8vo. Pp. vili+307. Figs. 191. $3.00. 

In connection with the recent progress that has been made in astron- 
omy, teachers of the subject have felt a growing need for a textbook that 
would give an adequate presentation of this new material. Professor 
Fath has admirably met such a need in this publication. This book is 
intended for use in elementary courses and presents, in a very clear and 
concise manner, not only the main facts and theories of astronomy 
formerly accepted, but includes a description of the most noteworthy 
contributions made during the recent years by such investigators as 
Shapley, Kapteyn, Russell, Eddington, Seares, Hubble, and others. 

The book consists of nineteen chapters, covering all portions of the 
subject suitable for study by college students without mathematical 
prerequisites. 

While the descriptions and explanations are necessarily brief in order 
to cover such a large field in so few pages, they give the essential details 
in such a manner as to be easily understood by the general reader. Such 
topics as ‘“The Nature of Light” including the Bohr theory of the atom, 
“The Precession of the Equinoxes,” and ‘“‘The Michelson-Gale Experi- 
ment” are examples of the skill with which the author handles difficult 
topics. Attention should be called to the error in the first edition of the 
statement of the result of the Michelson-Gale experiment. The final re- 
sult, published in the Astrophysical Journal for December, 1919, states 
that the rigidity of the earth in the north-south and east-west directions 
is the same. 

The presswork is excellent, and the illustrations consisting of half- 
tones and line drawings are well selected and show to good advantage on 
the smooth-finish paper, which is of good quality and about right in 
weight. One wonders, however, why the illustration of the types of stellar 
spectra published in Volume III of the Detroit Observatory Publications 
is not used in place of Figure 143. Certainly Figure 62, showing the 
moon near full, should be placed on the page opposite Figure 63, showing 
the outline map of the moon. It would also help the student if Figure 48 
showed the path of the violet and red rays, if both branches of the 
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hyperbola were shown in Figure 76, and if the angles 2 and w were indi- 
cated in Figure 114. In the text accompanying this figure, an error is 
made in using ¥ in place of °. 

It is to be hoped that in a later edition the author may add some 
simple exercises, a bibliography, and an appendix containing reference 
tables of historical, planetary, and stellar data. Also it would increase 
the value and interest of the book if more historical matter were given, 
such as Eratosthenes’ method of determining the size of the earth, a 
diagram of the Ptolemaic system, etc. In the chapter on “The Earth,” 
the only proof of the earth’s revolution around the sun given is that 
based on the aberration of light. Two or three other proofs might be 
given here also. The general reader will hardly get an adequate idea of 
the nature of sun-spots when he reads on page 107, “Spots, in general, 
are vortices with a downward suction.” 

The foregoing criticisms are of minor importance, however. On the 
whole, the book is very well done and the author has achieved a distinct 
success in providing a non-mathematical presentation of the main facts 
of astronomy and a simple and interesting description of the principles 
and methods used in modern astronomical investigation. 


W. H. GARRETT 





Die Kultur der Gegenwart, Dritter Teil, Dritte Abteilung: PHYSIK. 
Zweite Neubearbeitete und Erweiterte Auflage. Edited by E. 
LECHER. Leipzig and Berlin: B. G. Teubner; 1925. 4to. Pp. 
849. Bound, M. 36. 

The first edition of this work, edited by Professor E. Warburg, ap- 
peared in 1915, the Preface having been dated July, 1914. This new edi- 
tion has been revised and extended to include the notable progress in 
Physics in the following decade distinguished by remarkable progress. 
The editor of the new edition, Professor E. Lecher, has quite closely 
followed the arrangement of the subject matter adopted by Professor 
Warburg. 

The first edition was reviewed by Professor Henry G. Gale in the issue 
of this Journal for April, 1916 (43, 250), where a list of the separate au- 
thors and the subjects of their chapters was given. The new edition con- 
tains a further chapter of 16 pages, on “‘Quantentheorie, Atombau und 
Spektrallinien,” by H. A. Kramers. Five authors of sections in the first 
edition have passed away in the interval between the two editions, and 
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their contributions have been revised by other experts as follows: H. 
Rubens, ‘“‘Wiarmestrahlung,” by G. Hettner; F. Braun, “Die Drahtlose 
Telegraphie,” by M. Diekmann; J. Elster and H. Geitel, ““Entdeckungs- 
geschichte und Grundtatsachen der Radioaktivitat,” by St. Meyer and E. 
Schweidler; O. Lummer, ‘Neuere Fortschritte der geometrischen Optik,”’ 
by M. v. Rohr; F. Hasendhrl, “Die Erhaltung der Energie und die Ver- 
mehrung der Entropie,’’ by H. Mache. 

The revision has increased the number of pages of the book from 762 
to 849, and ten new illustrations have been added, making a total of 116. 
It will be recalled that this work was intended for the academic reader 
and for specialists in related fields of science. Therefore, few technical 
formulae are included, and the treatment is general and philosophic. 

To those interested in astrophysics, we can especially recommend the 
new chapter by Kramers, as well as the following: ‘“Experimentelle 
Atomistik,” by Dorn and Przibram; “Theoretische Atomistik,” by 
Einstein; ‘‘Wirmstrahlung,”’ by Rubens and Hettner; “Die positiven 
Strahlen oder Massenstrahlen,”’ by Gehrcke and O. Reichenheim; “Die 
Réntgenstrahlen,”’ by Kaufmann, the chapter originally by Elster and 
Geitel which we have already named; “Entwicklung der Wellenlehre des 
Lichtes,” by Wiener; ‘‘Spektralanalyse,” by Exner; “Struktur der Spek- 
trallinien,’’ by Gehrcke; ‘‘Magneto-optik,”” by Zeemann. 

The book is handsomely printed on good paper, and the marginal 
designation of the separate divisions of the chapters is very convenient. 


F 





Fundamental Concepts of Physics. By PAuLt R. Heyt. Baltimore: 

Williams & Wilkins Co., 1926. Pp. xii+112. Figs. 3. $2.00. 

This attractive little volume contains three lectures given at the 
Carnegie Institute of Technology, Pittsburgh, in January, 1926. The 
three lectures are entitled: ‘“The Eighteenth Century: The Century of 
Materialism,” ‘“The Nineteenth Century: The Century of Correlation,” 
“The Twentieth Century: The Century of Hope.” It is well for those 
engaged in research as well as for those whose time has to be chiefly spent 
in teaching to pause and consider, even briefly, the history and philosophy 
of physics. The author has done his work well, with accuracy and with 
imagination. Some may think that the latter is carried too far in the 
third chapter, but the twentieth century is still young, and the greater 
part of its achievements lie before us. At the present stage, it may there- 
fore well be called, “the century of hope.”’ 
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Amateur Telescope Making. By RussELL W. Porter, WILLIAM 
F. A. ELLIsoN, AND OTHERS. New York: Scientific American 
Publishing Co., 1926. Pp. x+102. Illustrated. $2.00. 

This is an admirable booklet for amateurs on the making of mirrors 
and mountings for reflectors, with a minimum of theory and a maximum 
of practical directions based on experience. It includes articles by Porter 
reprinted from the Scientific American, portions of Ellison’s The Amateur’s 
Telescope, and a chapter on silvering. Other chapters tell how to make a 
mounting from discarded automobile parts, how to make a simplified 
reflector, where the amateur may get his materials, and how much they 
will cost. The directions are simple and, within the scope of the book, 
complete. A bibliography, with comments, adds greatly to the value of the 


book. 
S. B. B. 


Tatelle der Haupllinien der Linienspektra aller Elemente. By H. 
KaysER. Berlin: Julius Springer, 1926. Pp. vi+198. M. 24. 
Observational work in spectroscopy in the past has undoubtedly been 
accelerated by easy access to information about the work of others. By 
far the greatest amount of such information has been made available 
through the work of Kayser, to whose monumental compilations has been 
added yet another. 

As the author points out in his Preface, the table of ““Hauptlinien”’ 
at the end of Volume 6 of the Handbuch der S pectroscopie has become out 
of date. In the decade and a half since its publication, more precise meas- 
urements in the region of the visible spectrum, and extensions to longer 
and shorter wave-lengths have been made until the region now covers 
from about 100 A to gw. Further, the increase in knowledge of spectral 
series relations has led to a new sort of classification according to succes- 
sive stages of excitation, so that instead of a single spectrum for an ele- 
ment we now distinguish between a number of spectra. For instance, fol- 
lowing commonly accepted usage, a line ascribed to the spectrum of the 
neutral atom of silicon is indicated by S7I; one belonging to the spectrum 
of the singly ionized atom, by SzIi, and so on. Kayser estimates that 
15 per cent of the lines listed in this new table of the principal lines are 
correctly classified in this manner. 

The table contains 19,000 wave-lengths in the International system, 
with the intensity and origin in arc, spark, and vacuum tube for each line. 
Special characteristics of lines are included where they have been ob- 
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served. The table begins at 9.0850 4 and ends at 124.0A. For wave- 
lengths longer than 1 » the name of the observer is given; for wave- 
lengths shorter than 2000A, this has also been done for lines measured by 
only one observer. As explained in the Preface, the choice of a value for 
the wave-length when observers differ is solely a matter of the character 
of the observations and the good judgment of the author. The scale of in- 
tensities is not intended to be anything but a rough indication of the 
strength of the lines. It is unfortunate that in many instances the classi- 
fication of lines as appearing in arc, spark, or vacuum tube is inadequate, 
but nothing more can be expected in view of the widespread origin of 
the available information. A table is included by which wave-lengths 
measured in the Rowland scale can be corrected to the International 
system, covering a range from 7000 to 1950A. The author points out that 
extrapolation in either direction is unsafe; indeed, comparatively few 
observations outside those limits were made before the common accept- 
ance of the International system. In the table of symbols of the elements 
are some welcome improvements, such as the use of ‘Em’ for Emana- 
tion and “WN?” for Neothulium. 

With a realization that this book, in turn, will become out of date, 
the tables have been printed on good writing paper, and ample margins 
left for the entry of additional data. The volume is an invaluable addi- 
tion to the facilities of the observational spectroscopist. 


GEORGE S. MONK 





Practical Physics. By T. G. BEDFoRD. London: Longmans, Green 
& Co., 1926. Demi 8vo. Pp. x+425. $3.50. 

This book is an admirable compilation of more than one hundred 
and fifty experiments in all branches of physics as provided for the first- 
year students at the Cavendish Laboratory, Cambridge. The theory as 
well as the details of the manipulations are discussed in every case, and 
for some experiments several alternative methods are presented. An in- 
troductory chapter contains advice to the student on laboratory practice, 
units, errors of observation, and the representation of results by means of 
graphs. All of the experiments usually performed in junior college courses 
are discussed, and in addition ‘‘a few less easy experiments have been 
included, to afford scope to students who are in a position to omit some 
of the elementary work.” The inclusion of several tables of the more com- 
mon physical constants would make the volume a little more useful, even 
though standard tables are available in the laboratory. 
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Practical Physics sets a high standard for elementary laboratory work 
in physics. It should be in the hands of the honors students in every labo- 
ratory, and should prove of value to all teachers of general college-physics 
courses. It is probable, however, that our average American undergradu- 
ate would be confused and bewildered by the completeness and thorough- 


ness of the detailed treatment. 
WILLIAM W. WATSON 





X-Rays and Electrons. By ARTHUR H. Compton. New York: D. 
Van Nostrand Co., 1926. Pp. xv+ 403. Figs. 132. $6.00. 

According to its title-page this book is essentially “an outline of 
recent X-ray theory.” It describes X-ray phenomena particularly from 
the point of view of their bearing upon the fundamental conceptions and 
laws relating to the structure of matter and the mechanism of radiation. 
The book, together with the new edition of Bragg’s X-Rays and Crystal 
Structure, Wyckofi’s The Structure of Crystals, the translation of Seig- 
bahn’s The Spectroscopy of X-Rays, Clark’s Applied X-Rays, etc., covers 
very completely the field of X-radiation for the reader of English. 

After a brief Introduction, describing the properties of X-rays, the 
first part of the book presents the explanations given by the laws of elec- 
trodynamics of the production of X-rays, the scattering of X-rays, the 
absorption of X-rays, the refraction of X-rays, and the reflection of 
X-rays, together with their use in determining the structure of crystals 
and the distribution of electrons in crystals and in atoms. 

The second part of the book emphasizes the inadequacy of the classical 
theories and treats the subject from the point of view of the quantum 
theory. It describes the X-ray photo-electric effect; presents the quantum 
theory of X-ray scattering, of X-ray defraction, and of X-ray production 
and absorption; and gives a brief account of X-ray spectra and their bear- 
ing on Bohr’s theory, etc. The book concludes with a number of ap- 
pendices containing more highly mathematical treatments of some of the 
points mentioned in the text itself. 

The text has been written in a very clear and interesting manner, with 
a reasonable use of elementary mathematics. Although it presents all of 
the important ideas and theories of X-radiation that have been published, 
it is of particular interest to the scientist because of its detailed descrip- 
tions of the author’s own, very important, fundamental researches. The 
chief of these is, of course, the quantum theory of X-ray scattering, which 
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leads to the discovery of the change of wave-length due to the scattering 
process, known as the ‘Compton effect.” 

In describing researches other than his own, also, the author fre- 
quently presents the subject matter in a new and original manner. For 
instance, the Fourier series equations, which had previously been deduced 
from the quantum theory and used to calculate the distribution of 
electrons in crystals and atoms, are here developed from the classical 
theory. 

The book has been well printed and contains a large number of well- 
drawn figures. The few errors in its text will doubtless be corrected in 
future editions. 

No student of X-rays should fail to study this treatise. 


WILLIAM DUANE 
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ORION AND Its NEBULOSITIES 








